This article is devoted to study the coordination coupling relationship between economic development and ecological environment in tropical and subtropical regions of Asia to reflect the spatiotemporal heterogeneity of the coordination in different regions. Using the entropy method and Geographically and Temporally Weighted Regression model, we empirically analyze 14 tropical and subtropical countries in Asia from 2003 to 2016. The empirical results show that most of the tropical and subtropical sample countries in Asia are at an intermediate coordination coupling level between economic development and ecological environment; the economic development lag type is the main one, and the ecological development lag type is less. At the same time, the positive effects between economic development and ecological environment in most sample countries are more obvious. Spatially, the ecological environment in the north of the Asian tropical and subtropical countries has a positive effect on economic development rather than that in the south and tends to be positive. The positive effect of economic development on ecological environment in the faster economic development areas is better than that in the slower economic development areas, and more areas tend to play negative effects. The research in this article provides a basis for strengthening ecological environment protection in tropical and subtropical regions of Asia, promoting the coordinated development of economic and ecological environment. Further, we put forward some corresponding policy recommendations.
Introduction
At present, Asia has become an important pole of global economic growth. In 2018, the gross domestic product (GDP) of the Asian region accounted for more than one third of that in the world, and regional economic growth accounted for more than 60% of the world, prominently manifested in the tropical and subtropical regions of Asia, such as China, India, and Indonesia. Among them, the GDP of China and India is as high as $13.61 trillion dollars and $2.73 trillion dollars, respectively, with each economic growth rate of over 6%, and thus, they become one of the new drivers of global economic growth (International Monetary Fund, 2018) . However, these countries are also the areas with the highest population density and low per capita income in Asia. It is precisely the low quality of economic development resulting in extensive development of natural resources, such as oil, natural gas, and rain forests, as well as the substantial imbalance issues between ecological environment and development (Sherman, Peterson, Damar, & Wagey, 2019) . Therefore, the rapid development of economic speed and the low economic quality of tropical and subtropical regions in Asia, as well as the resulting ecological and environmental problems, have become important concerns of this study.
In practice, the ecological and environmental problems caused by excessive pursuit of economic growth have become an important resistance to the socioeconomic development of tropical and subtropical regions of Asia (L. Li & Liu, 2019; Y. Li, Li, Wu, Zhang, & De, 2018) . Theoretically, these are typical phenomena of the environmental Kuznets inverted U-shaped curve, showing that with the further increase of per capita income, the seriousness of the ecological environment caused by environmental pollution will also change from low to high. After the critical point, the ecological environment will gradually decline. The tropical and subtropical regions of Asia basically cover Asian emerging markets and developing economies, most of which are in transition phases of extensive growth or from extensive growth to high quality growth (Nepal & Paija, 2019; Zaidi, Zafar, Shahbaz, & Hou, 2019) . Under the background that the global climate is gradually warming and environmental issues have become a basic global consensus, how to promote the coordinated development of the environment and the economy to achieve a win-win situation is essential for the socioeconomic development of tropical and subtropical regions of Asia. Hence, it is of great practical significance to study the coordination coupling degree between economic development and ecological environment in Asia.
Traditional Environment Kuznets Curve (EKC) theory believes that environmental pollution not only has scale effect, technical effect, and structural effect but also has strong spatial spillover effect (Du et al., 2019; Xie, Xu, & Liu, 2019) . However, the traditional spatial econometric model can only observe the overall effect between samples, and it is difficult to observe the individual heterogeneity of sample space effects. Fortunately, the Geographically and Temporally Weighted Regression (GTWR) model can overcome these deficiencies (Huang, Wu, & Barry, 2010) . In this sense, this article uses the GTWR model to analyze the spatiotemporal heterogeneity of the coordination coupling degree of ecology and economy in tropical and subtropical regions of Asia. Besides, from a theoretical and practical point of view, it is very significant to study on this topic. On the one hand, from the perspective of the promotion of relevant theories, the advancement of the relationship between the whole and the parts is a reference for further study; on the other hand, we can get the spatiotemporal heterogeneity characteristics of each country from the application of GTWR. This article is structured as follows: The upcoming section is a literature review regarding the coordination of economic development and ecological environment, which is followed by a section that describes the coupling coordination degree measurement method and GTWR model. A further section explores the spatiotemporal disparities of the coordination coupling degree of economic development and ecological environment, which is followed by a section that describes the difference of spatiotemporal heterogeneity of the relationship between economic development and ecological environment. The final section presents the conclusion and recommendations.
Literature Review
The relationship between economic development and the ecological environment has always been the focus of academic discussions and an important basis for government decision-making and residents' physical, social, and psychological well-being. Governments have been formulating and implementing policies to mitigate environmental deterioration in cities (Wan, Shen, & Choi, 2017) .
In ecological economics, on the one hand, the important determining factors of environment are scale, composition, and technology (Song, Fisher, & Kwoh, 2019; Yao, Huang, & Song, 2019) ; on the other hand, the increases in the generation of wastes and the use of materials and energy (showing in scale) have generally been related in economic growth (Yao et al., 2019) . These concepts are associated with the environmental Kuznets curve (Victor, 2010) .
There are some evidences of the relationship between economic development and ecological environment from different perspectives. Such as examining the road-induced tradeoffs among biodiversity loss, deforestation, and economic growth, since roads are vital for the economic development from the perspective of ability of bringing significant economic benefits (Damania, Russ, Wheeler, & Barra, 2018) ; considering poverty among environment, economy, and social in development economics (Haider, Boonstra, Peterson, & Schlu¨ter, 2018) ; and concerning the alleviation of climate change and deforestation under ecological economic conditions (Bakaki & Bernauer, 2018) .
Some have similar and direct evidences. Many investigate the relationship between economic growth and CO 2 emissions associated with both consumption and production behavior (Ferna´ndez-Amador, Francois, Oberdabernig, & Tomberger, 2017; Rezai, Taylor, & Foley, 2018) and believe that there is a bidirectional causal relationship between economic growth and carbon emissions (Belke, Dobnik, & Dreger, 2011; Wang, Zhou, Zhou, & Wang, 2011) . The expansion is that besides economic growth and carbon emission, bidirectional causality also exists between energy consumption and carbon emissions (Wang et al., 2011) . And the tradeoffs appear again.
Climate change lowers profitability and reduces investment probability and resulting in cutting output in the short and long runs: On the one hand, deficient demand brings employment falling in short run; on the other hand, productivity growth becomes slower, such lowering the potential income in the long run (Rezai et al., 2018) . In many countries, such as in China, reducing carbon emissions is quite difficulty since it will handicap China's economic growth, and will not decrease carbon emissions in a long period (Wang et al., 2011) ; while for 14 Asian countries, the natural environment will become a victim of increased economic growth (Uddin, Alam, & Gow, 2019) . Despite that, not many of them have taken adequate measures to increase their capacity of bioproductive or to reduce their energy inefficient until now (Uddin et al., 2019) ; however, efficiency is crucial and many scholars estimate energy efficiency (Song & Li, 2019) ; similarly, during the period of 1995-2013, for the 12 transition economies with high income, the economic growth has increased the energy consumption, while for the countries with low income, the former has reduced the latter (Pablo-Romero, Sa´nchez-Braza, & Anna, 2019); even some scholars have also assessed the cost of ecological losses: The economic losses of ecological cost is $2,076/person in South Korean during 1980 -2000 (Lee & Kim, 2018 . We should realize that we must pay attention to the use of ecological characteristics, which are completely different from those of artificial resources, if we expect the quality of life to be sustained.
In contrast, there are also some related but different opinions. Some scholars hold that there is no a long run causal relationship between income and emissions, and it is not necessary to abandon economic growth to reduce carbon emissions (Soytas & Sari, 2009 ). The growth of the national economy has been accompanied by changes in industrial and environmental policies, which have promoted the improvement of water quality. The turning point in improving water quality occurs in the later stage of economic development of industrial pollution, rather than biological pollution (Choi, Hearne, Lee, & Roberts, 2015) . In addition to these empirical results, survey data show that in developed countries, most respondents believe that environmental protection and economic growth can be achieved simultaneously Drews, Antal, & van den Bergh, 2018) , especially when the GDP growth rate exceeds 3% (Drews & van den Bergh, 2016) . In addition, Yu et al. (2017) find the evidence that in the context of rapid economic growth, environmental pressure is not related to economic growth in Chongqing of China, among which technological change was the dominate factor.
In addition to the positive or negative correlation between the economic growth and ecological environment, there is a large amount of evidences of nonlinear relationships, which is consistent with the EKC hypothesis (Charfeddine, 2017; Zhou, Zhang, Shao, & Wang, 2019) .
In summary, some literature has suggested that there may be a tradeoff relationship or mutual promotion relationship between economic development and the ecological environment, which is related to the different stages of economic development and the specific conditions of the ecological environment. It can be seen that the degree of coordination between economic development and ecological environment is a topic worthy of study. This article discusses the relationship between the two in the Asian region to assess whether they are coordinate or not and can also propose some targeted policy recommendations.
Methods
The Coordination Coupling Degree Measurement of Economic Development and Ecological Environment Zhang, Shang, and Xiong (2019) introduced information entropy to describe the uncertainty of the signals from the signal source. In information theory, the entropy value method determines the weighting coefficient, and the entropy value reflects the degree of disorder of information, which can be used to measure the size of information. The more information an indicator carries, the greater its effect on decision making, indicating that the greater the impact of this indicator on decision-making. Therefore, this article first uses the entropy method to measure the comprehensive levels of economic development and ecological environment in the sample area and then employs the coupling coordination method to measure the coupling coordination coefficient between economic development and ecological environment.
First, based on the extreme value method, x ij represents the value of indicator j in the sample region i (i ¼ 1,. . ., n, j ¼ 1,. . ., m) and is standardized as follows:
In Equation (1), x þ ij represents the positive indicator (if it is the negative, the denominator can be kept unchanged, and the numerator can be changed to maxfx 1j ; . . . ; x nj g À x ij ). maxfx 1j ; . . . ; x nj g and minfx 1j ; . . . ; x nj g represent the maximum and the minimum values of the indicator, respectively. To avoid the case that the indicator x þ ij (or x À ij ) may be equal to 0 after the logarithm, we add with 1 to the indicator and get (x þ ij þ1) or (x À ij þ1). Second, we calculate the entropy value e j of indicator x ij :
Third, we calculate the comprehensive evaluation index S i of the sample area i:
In Equation (3), the information entropy value of the indicator j is
According to the abovementioned steps, the comprehensive evaluation indexes of economic development and ecological environment are calculated separately and set to S ENY;i and S ECG;i .
Fourth, the coupling coefficient C i of the comprehensive evaluation indexes of economic development and ecological environment is calculated as follows:
In Equation (4), we take k ¼ 2 since only the comprehensive evaluation indexes of economic development and ecological environment are considered. And at the same time, the larger the C i , the higher the degree of coupling between the two. Furthermore, to better reflect the systemization and coordination between the two indicators, there is the coupling coordination coefficient D i , shown as follows:
In Equation (5), a and b represent the important weight indicators of economic development and ecological environment, respectively. Considering the importance of each country to the environment, we set a ¼ b ¼ 0:5 to avoid the deviation of cognition between economic development and ecological environment. We divide the actual types of economic development and ecological environment in the sample countries according to: c i ¼ S ENY;i =S ECG;i ; when c i > 1, the sample countries belong to ecological lag type; when c i < 1, they belong to economic lag type; when c i ¼ 1, an economic-ecological synchronization type is formed. Furthermore, in order to better demonstrate the heterogeneous characteristics between economic development and ecological environment in tropical and subtropical sample countries of Asia, this article divides the coupling coordination level evaluation system of the two by drawing from the extant research results, as shown in Table 1 .
Relationship Between Economic Development and Ecological Environment
Furthermore, we analyze the relationship between economic development and ecological environment in the 
In Equation (6), ðm i ; n i ; s i Þ represents the spatial coordinates of the i-th country, d i indicates random elements. The spatiotemporal distance of data point ðm 0 ; n 0 ; z 0 Þ from any point ðm i ; n i ; t i Þ in the sample country is measured by d. The spatiotemporal distance can be expressed as a linear combination of the time distance d T and the spatial distance
. d ik is the distance between the sample point i and k, b is the bandwidth, which is obtained when cv ¼ min X n i¼1 ½y i Àŷ i ðbÞ 2 takes the minimum value, andŷ i ðbÞ is the fitting value of y i .
Variable Selection and Research Scope Definition
Variable selection. Considering the availability of data in tropical and subtropical countries in Asia, this article develops the comprehensive evaluation index system of economic development and ecological environment in combination with the design of existing scholars' indicators. Among them, the evaluation indicators for economic development comprise economic development scale, structure, and level, while those for ecological environment consist of environmental level and environmental pollution, as shown in Table 2 .
Economic development evaluation indicators. Generally speaking, the economic development scale indicators are mainly represented by total economic development.
The commonly used indicator is GDP. The larger the value of GDP is, the larger the economic development scale is. In practice, the developed economies of the world are generally the countries with a high degree of industrial and service development. The higher the degree of development of secondary and tertiary industries, the more the economic development promoted.
To this end, the structural indicators of economic development are mainly expressed by the ratios of them. The indicator of economic development level is represented by variable per capita GDP, the urbanization rate, and the proportion of taxation to GDP ratio. Among them, the higher the per capita GDP level indicates that a country has a higher standard of living and stronger the purchasing power, which is conducive to consumption-driven economic development; the higher the urbanization rate, the more favorable the aggregation effect of population, land, and other factors released, thus pushing economic development; the higher the proportion of taxation to GDP, the worse the tax environment of economic development level, thereby being not conducive to economic development.
Ecological environment evaluation indicators. The ecological development environment level is represented by the variable PM 10 (national level) emissions and per unit GDP energy consumption. Wherein the lower the PM 10 emissions, the better the regional ecological environment, especially the better the air quality, showing a direct evidence of good ecological environment development; per unit GDP energy consumption manifests the clean and green of the economic development of a country. The lower the level is, the stronger the greening ability of economic development in the country, and the more favorable the healthy development of the regional ecological environment. Sulfur dioxide is the main emission of regional ecological pollution, including automobile exhaust and industrial emissions. The higher the emissions are, the more unfavorable the regional ecological environment. Therefore, the emission of sulfur dioxide reflects the degree of ecological pollution in the region. Table 3 shows the descriptive statistics for the aforementioned variables.
Research scope. The definition of tropical and subtropical regions of Asia bases on Corlett (2013 
Results

Analysis of Temporal and Spatial Characteristics of Coupling Coordination Degree in Sample Areas
Analysis of temporal difference of regional coupling coordination degree. Figure 1 displays around 7.14%. There are no sample countries with moderate and extreme imbalance levels. In summary, it is believed that economic development and ecological environment in the tropical and subtropical sample countries of Asia are gradually becoming more coordinated.
Analysis of spatial characteristics of coupling coordination degree. Figure 2 reports the spatial distribution of coupling coordination degrees in the tropical and subtropical sample countries of Asia in 2003, 2007, 2011, and 2016, respectively. In general, the coupling coordination degree of tropical and subtropical regions in Asia shows a spatial distribution pattern decreasing from the east to the west. First, there are few high-quality coordination countries, and only China is in this type during the sample period. Second, there are many countries belonging to intermediate coordination stage and are concentrated in Southeast Asia such as Singapore and Malaysia. Third, there are fewer countries at the primary coordination stage and are distributed centrally in South Asia such as India, Vietnam, and Myanmar. Fourth, there are few countries at the primary coordination stage and are distributed centrally in South Asia such as Pakistan and Nepal.
Coupling coordination degree types in sample countries. Furthermore, the coupling coordination degree of economic development and ecological environment is divided into three types: ecological development lag type, economic-ecological synchronization type, and economic development lag type. The division results are shown in Table 4 . First, the number of countries with economic development lag type has gradually increased. In 2003, there were 11 countries or regions belonging to this type, while in 2010 and 2016, the number rose directly to 13. That is to say, except for Singapore, where the coupling coordination grade is ecological development lag type, the rest of the Asian tropical and subtropical sample countries were subject to the economic development lag type, indicating that there was still a room for improvement in the economic development level to meet the ecological balance. Meanwhile, when the coupling coordination grade is economic development lag type, except China, the rest of the countries mainly belonged to intermediate coordination, which is relatively low. Second, the number of regions of ecological development lag type has been reduced. In 2003, Singapore, Malaysia, and Pakistan all belonged to ecological development lag type, while in 2010, this type only included Singapore, and since then only Singapore has been in this type. Simultaneously, Singapore was at the intermediate coupling coordination level. As a result, it is believed that during the inspection period, economic development and ecological environment of the sample countries were not coordinated, mainly dominated by the economic development lag type, but the ecological development lag type was relatively less.
Spatiotemporal Disparities of Mutual Influence Between Economic Development and Ecological Environment
Estimation of the relationship between economic development and ecological environment in sample countries. To simplify the analysis, this article focuses on the interrelationship between ecological environment and economic development in the sample countries and uses the GTWR model to estimate the models of both as dependent variables and independent variables. In the estimated results, the goodness of fit, Akaike's information criterion value, and Spatiotemporal Distance Ratio value are 0.9112, À1,108.5567, and 1.9210, respectively, when the dependent variable is economic development comprehensive evaluation index; while these values are 0.9218, 1.9210, and 1.9210, respectively, when the dependent variable is ecological environment comprehensive evaluation index.
It indicates that the estimation results of the two models are statistically significant. Figure 3 presents the kernel density distribution of the estimated parameters of the two models. The results show that (a) the ecological environment coefficients are concentrated between À0.8 and 1.21, and there are more coefficients greater than 0 when the dependent variable is economic development comprehensive evaluation index. (b) The economic development coefficients are concentrated between À1 and 1.8, and there are more coefficients greater than 0 when the dependent variable is ecological Figure 2 . Spatial distribution of regional coupling coordination degrees in 2003, 2007, 2011, and 2016. environment comprehensive evaluation index. These imply that (a) there is a positive correlation between economic development and ecological environment in most Asian tropical and subtropical sample countries during 2003-2016 and (b) economic development is conducive to the improvement of ecological environment, and vice versa.
The spatiotemporal disparities in the relationship between economic development and the ecological environment. Figure 4 shows the spatiotemporal disparities in the impact of ecological environment on economic development in the sample countries. In general, from 2003 to 2016, there were more countries where ecological environment had a positive impact on economic development than those countries where ecological environment had a negative impact in tropical and subtropical regions of Asia. Among them, the impact coefficients of eight sample countries tend to be positive, spatially distributed in the northern regions, such as China, India, Indonesia, Nepal, Bangladesh, Cambodia, Myanmar, and Malaysia; the coefficients of the six sample countries tend to be negative, spatially distributed in the southern regions, namely, Pakistan, Sri Lanka, Singapore, the Philippines, Vietnam, and Thailand. It indicates that the positive effect that ecological environment plays on economic development in the northern tropical and subtropical region of Asia is better than that in the southern.
It is worth noting that as environmental protection supervision by emerging economies such as China is strengthened, some labor-intensive and extensive enterprises have gradually shifted to Southeast Asia, such as Vietnam, Thailand, the Philippines, Pakistan, and Indonesia. Meanwhile, the development of the tertiary industry represented by tourism has also aggravated the development of primitive ecological environment in countries such as Sri Lanka. In these countries, the development of the tertiary industry on the one hand drove the rapid economic development, but on the other hand increased the difficulty of environmental protection to some extent, which made the ecological environment show negative feedback on economic development. In addition, similar to the developed economies such as Singapore, due to the intensive emissions of national shipping, the per unit GDP energy consumption is higher, resulting in the exacerbated difficulty of environmental governance. Figure 5 presents the spatiotemporal disparities in the impact of economic development on ecological environment in the sample countries. In general, from 2003 to 2016, the number of the tropical and subtropical sample countries of Asia where the impact of economic development on ecological environment tends to be positive was larger than these with negative impact. Among them, the countries where economic development had a positive impact on ecological environment are those with rapid economic development, such as China, the Philippines, Vietnam, and Thailand. Compared to this, the countries where economic development tends to have a negative impact on ecological environment include India, Indonesia, Bangladesh, Cambodia, Nepal, Pakistan, Sri Lanka, Singapore, Myanmar, and Malaysia, which have relatively slow economic development. It indicates that the positive impact of economic development on ecological environment in faster economic development sample countries is better than that in the slower ones. The rapid economic development, on the one hand, is able to provide the local government with sufficient fiscal revenues and environmental governance capacity, such as the Philippines and Vietnam. On the other hand, it provides relatively strong ability to adjust industrial structure to achieve the governance of ecological environment, such as China.
Discussion
Based on the data of 14 tropical and subtropical sample countries of Asia from 2003 to 2016, this article uses the entropy method to analyze the coupling coordination degree between economic development and ecological environment and employs the GTWR model to analyze the impact of spatiotemporal heterogeneity between 1. In general, from 2003 to 2016, economic development and ecological environment of tropical and subtropical countries of Asia are at the intermediate coordination coupling level, dominated by economic development lag type, followed by ecological development lag type, with no country of economicecological synchronization type; spatially, the ecological development lag type is mainly distributed in the developed countries, such as Singapore, and the economic development lag type in most areas of the sample. From this point of view, vigorous development of the economy is still a top priority rather than the ecological environment for most tropical and subtropical countries in Asia. According to the experience of a few developed countries in Asia, in the process of development, the developing countries should make full use of the benefits of circular economy (de Oliveira, Machado, Jabbour, & de Sousa Jabbour, 2019), introduce technology and support from developed countries, and strengthen cooperation so as to balance the ecological environment. 2. At the same time, there is a significantly positive effect between economic development and ecological environment in most sample countries; however, spatiotemporal heterogeneity is strong. In this sense, the positive effect of ecological environment on economic development in the north of the tropical and subtropical countries of Asia is better than that in the south, and more countries tend to have positive effects; the positive effect of economic development on ecological environment in the faster economic development areas is better than that in the slower economic development areas, and more areas tend to play negative effects. Accordingly, full consideration should be given to the spatiotemporal linkages between different countries, so as to promote the backward development with advanced ones, the exchange of economic development experience and the good interaction of the ecological environment, and the harmonious and friendly economic development of tropical and subtropical regions of Asian with high quality. 3. Finally, the coupling coordination degree of China is higher than the other tropical and subtropical countries in Asia, while the major type of coupling coordination is still the economic development lag as for the most countries in research period and means that the higher coupling coordination degree of China is a lower quality degree. From this view, the economic development for China should be enhanced, but to emphasize the ecology development in the current stage will be of more importance.
Implications
On March 13, 2019, the United Nations released Global Environment Outlook 6, which was the most comprehensive and rigorous assessment of the state of the global environment over a 5-year period. The report pointed out that the earth has been extremely seriously damaged. If no urgent and more intense actions are taken to protect the environment, the earth's ecosystem and human sustainable development will increasingly be threatened more seriously. And put forward that to achieve the vision of "healthy earth, healthy human beings," we need to open up a new way of thinking, that is completely abandon the development mode of "only paying attention to immediate interests, regardless of the future," and transform to an economic model of almost zero-waste by 2050.
1. The first is to deeply integrate the green development concept into economic development to fully understand the prominent role of green development in the global economic development pattern, especially in tropical and subtropical developing countries of Asia. The concept of green development can be integrated into the whole process of economic development, emphasizing the development and application of green technologies (Jin, Peng, & Song, 2019) , and adjust the economic development structure, especially reducing the high polluted industry of mining, thermal power generation, and so on, and develop the third industry, such as tourism for the rich natural resource. It thus gradually releases economic value and social value of green development, in the hope of promoting healthy and sustainable economic development. 2. The second is to strengthen the protection of ecological environment in the process of economic development. On the one hand, it needs to continuously improve the utilization efficiency of energy resources such as water, oil, natural gas, and electric energy, as well as reduce the economic energy consumption. On the other hand, it continues to increase the upgrading of energy-saving and emission-reducing equipment to reduce the emissions and toxic content of waste gas, waste water, and solid waste, especially in tropical and subtropical regions of Asia which have high levels of economic development, as these areas need more energy to make use of their advantages to strengthen the protective effect of biotechnology innovation on ecological environment. In addition, it can also increase the development of renewable energy such as nuclear energy, solar energy, and tidal energy, and gradually uses renewable energy to replace nonrenewable energy resources such as oil (Chen, Wu, Xu, Song, & Liu, 2019) . 3. The third is to promote the harmonious development of economy and ecology adapting to local conditions. For countries of economic development lag type, it should continue to increase the economic development and improve the economic support on ecological environmental protection, such as strengthening the fiscal and financial support, especially for China. For the countries of ecological development lag type, it should strengthen the protection of ecological environment to steadily release the positive effects of ecological environment on economic development.
